Aim The anastomosis technique used following rightsided colonic resection is widely variable and may affect patient outcome. This study aimed to assess the association between leak and anastomosis technique (stapled vs handsewn).
Introduction
Morbidity following colorectal resection is common. Up to 65.3% of patients experience a complication in the first 30 days after surgery, which is major in 17.1% (Clavien-Dindo Grade III-V) [1] . These complications impact upon both morbidity and mortality rates, and increase health-care costs [2] [3] [4] . Anastomotic leak is considered as one of the most devastating of these adverse events; it is associated with a reduction in both survival and quality of life and with an increased risk of disease recurrence in those patients with cancer [2] .
Many factors are known to be associated with anastomotic leak, including patient comorbidity, underlying pathology and anastomotic technique. There is a wide variation in the use of handsewn anastomosis vs stapled anastomosis, illustrating the lack of high-quality evidence supporting either method [5] . More evidence is required to guide surgical practice. Right hemicolectomy (including ileo-caecal resection) is the most common colonic resection and is performed in both elective and emergency settings and for both neoplastic and non-neoplastic conditions. It therefore represents an appropriate patient cohort in which to assess the relationship between method of anastomosis and outcome.
Multicentre snapshot audits have the ability to gather large patient numbers in short periods of time from many hospitals. They provide contemporaneous and population-based data that are representative of current practice and unconstrained by the confines often required in clinical trials. This first report from an international prospective cross-sectional cohort study of right hemicolectomy and ileo-caecal resections investigates the relationship between anastomosis method and subsequent anastomotic leak.
Method
This prospective, observational, multicentre study was performed according to a prespecified protocol (http:// www.escp.eu.com/research/cohort-studies/2015-audit). The protocol and data-entry system were tested and modified following an external pilot conducted in eight centres across five countries before the start of the main project. Follow-up and data collected were restricted to routinely collected data fields.
Centres
Any unit performing gastrointestinal surgery was eligible to register and enter patients into the study. No unit size or case volume stipulations were made, and centres from any country were able to take part. The study was launched at the European Society of Coloproctology (ESCP) Scientific & Annual Meeting in Barcelona, September 2014, and invitations to participate were subsequently distributed directly to all registered members of the ESCP. Further dissemination was obtained via the national ESCP country representatives, including through national surgical or colorectal societies. In addition, the study was endorsed and disseminated by the surgical arm of the European Crohn's and Colitis Organisation.
Approvals
Participating centres were responsible for completion of local approvals before the start of the data-collection period. Regional or national ethics approval or indemnity was obtained where possible. Centres were asked to ensure that appropriate pathways and local investigators were in place to be able to include all consecutive eligible patients during the study period and provide > 95% completeness of data entry.
Patients
Adult patients undergoing right hemicolectomy or ileocaecal resection for any pathological indication, via any operative approach in both elective and emergency settings, were included. Patients were excluded if their right-sided colonic resection was part of a larger procedure (e.g. subtotal colectomy or panproctocolectomy), as defined by a distal colonic transection point beyond the splenic flexure. In patients with Crohn's disease, those undergoing additional proximal strictureoplasty or resection/anastomosis of more proximal small bowel disease during the same operation were also excluded.
Outcome measures
The primary outcome for this study was overall anastomotic leak, predefined as either (i) gross anastomotic leakage proven radiologically or clinically and classified according to intervention necessary (Fig. 1) ; or (ii) the presence of an intraperitoneal (abdominal or pelvic) fluid collection on postoperative imaging. Secondary outcome measures included mortality, overall morbidity and length of hospital stay. An exploratory sensitivity analysis was also undertaken of those with only a 'proven' anastomotic leak (i.e. excluding those with an intraperitoneal fluid collection alone) for comparison.
Data collection
Sites were asked to include all consecutive eligible patients over an 8-week period, which could start at any time between 15 January 2015 and 30 January 2015. This flexible starting date was designed to maximise centre participation. The final date for any new patient inclusions at any site was 27 March 2015.
Grade A -Anastomotic leakage requiring no active intervention (diagnosed radiologically) Grade B -Anastomotic leakage requiring active radiological intervention but manageable without surgical re-intervention Grade C -Anastomotic leakage requiring surgical re-intervention Figure 1 Classification of anastomotic leak. NB The highest score given during follow up (e.g. Grade C if percutaneous drainage is followed by laparotomy). Each of these phases had a separate clinical reporting form (CRF) that contained 10-12 main questions and was designed to fit in with data collected as part of normal clinical practice and be completed in 'real-time' with minimal extra work from the clinical team. Despite no changes being made to existing patients' pathways during this observational study, local investigators were asked to be proactive in identifying postoperative events. Methods included review of patient notes (paper and electronic) during admission and before discharge, reviewing hospital systems to check for re-attendances or re-admissions, and reviewing postoperative radiology reports. Some centres routinely reviewed patients 30 days after surgery or used a telephone review, both of which were used to identify adverse events. Data were recorded contemporaneously and stored on a dedicated, secure, Web-based platform without using patient identifiable information. Data were collected by a team of four or five people at each site, one of whom had to be a consultant surgeon who was responsible for the data quality at that centre.
Statistical analysis
This report has been prepared in accordance with guidelines set by the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) statement for observational studies [6] .
The primary aim of this study was to assess the association between the primary outcome measure (overall anastomotic leak) and the main explanatory variable of interest, anastomosis method (handsewn vs stapled). Univariate and multivariate mixed-effects logistic regression models (with centre included as a random effect) were fitted for overall anastomotic leak and the prespecified explanatory variables: anastomosis method (handsewn or stapled); age; gender (male or female); body mass index (normal, underweight, overweight or obese); smoking status (never, ex-smoker, current or not known); history of ischaemic heart disease or cerebrovascular disease (no or yes); history of diabetes (none, diet/tablet controlled or insulin controlled); indication for operation (malignancy, Crohn's disease or other); American Society of Anesthesiology (ASA) grade (low risk or high risk); surgery type (elective or emergency); operation type (laparoscopic or open) and extent of surgery (complete, extended or limited; Fig. 2 ). These factors were chosen based on clinical significance and were all prespecified in the statistical analysis plan. All the explanatory variables were included in the multivariate model, irrespective of statistical significance in the univariate model, as this allowed potential confounding factors relating to the patient, disease and operation to be taken into consideration in the multivariate model.
Effect estimates are presented as OR with 95% CI and two-sided P-values. An OR> 1 indicated increased likelihood of anastomotic leak with the relevant explanatory variable compared with the reference category for that variable. Statistical significance was defined at the level of P < 0.05. Data analysis was undertaken using STATA version 14 (StataCorp, College Station, Texas, USA).
Sensitivity analyses were undertaken, which included: (i) fitting a multivariate model that included anastomosis method and only those explanatory variables where P ≤ 0.1 in the univariate analysis; (ii) fitting a multivariate model that included only those explanatory variables where P ≤ 0.1 in the univariate analysis; and (iii) fitting a multivariate model as per the primary analysis, but only including those patients with a 'proven' anastomotic leak in the outcome variable.
Results

Data completeness
Overall, 97.4% of records had all data fields completed. Patient demographic details, basic operation details and 30-day outcome data were mandatory fields for records to be locked and as such had a 100% completion rate. The small levels of missing data predominantly related to patient smoking status and preoperative medical therapy (in the case of patients with Crohn's disease) subsections.
Patients and centres
This study included 3208 patients from 284 centres in 39 countries (Fig. 3 ). There were five participating centres outside Europe. The mean age of patients was 66 (range: 16-99) years, 50.8% were male and the majority were never-smokers (62%), did not have a history of ischaemic heart disease or cerebrovascular disease (80.5%) and were not diabetic (84.4%) ( Table 1) . Most patients underwent surgery for malignancy (78.4%; n = 2515) or Crohn's disease (11.7%; n = 375). Overall, 81.3% (n = 2609) of patients underwent elective surgery, and 54.6% (n = 1751) of operations were started laparoscopically; 9.6% undergoing subsequent conversion to open. Further demographic details are shown in Table 1 .
Anastomosis technique
An anastomosis was performed in 94.8% (n = 3041) of patients, which was handsewn in 38.9% (n = 1183) and stapled in 61.1% (n = 1858) ( Table 1 ). There was no difference in stapled anastomosis rates in those undergoing surgery for malignancy (59.8%) and for Crohn's disease (58.7%). Patients undergoing handsewn anastomosis were more likely to be emergency admissions (20.5% vs 12.9% stapled) and to undergo open surgery (54.7% vs 36.6%).
Incidence of anastomotic leak
The primary outcome measure of anastomotic leak and/or intraperitoneal fluid collection was present in 8.1% (245/3041) of patients ( Table 2 ).
Univariate analysis of anastomotic leak
The mixed effects logistic regression analysis included 3013 patients and 242 leaks [there were 28 (0.9%) patients with missing data on extent of surgery who were excluded from this analysis]. There was no evidence of an association between leak and anastomosis method (stapled vs handsewn: OR = 1.16, 95% CI: 0.86-1.57, P = 0.3) ( Table 3) . Female gender was significantly associated with a reduced risk of leak (OR = 0.70, 95% CI: 0.53-0.92, P = 0.011), whilst being a current smoker (vs never-smoker: OR = 1.68, 95% CI: 1.15-2.43, P = 0.007), other indication for surgery (vs malignant: OR = 2.39, 95% CI: 1.62-3.54, P < 0.001), emergency surgery (vs elective: OR = 2.33, 95% CI: 1.70-3.19, P < 0.001) and open incision (vs laparoscopic: OR = 2.32, 95% CI: 1.74-3.08, P < 0.001) were all associated with an increased risk of leak (Table 3) . Weaker associations were found with age (OR = 0.99, 95% CI: 0.98-1.00, P = 0.06) and high ASA grade (vs low grade: OR = 1.30, 95% CI: 0.98-1.72, P = 0.07).
Multivariate analysis of anastomotic leak
When a multivariate mixed effects logistic regression model was fitted including all the prespecified variables, a significant association was found between leak and stapled anastomosis (vs handsewn: OR = 1.43, 95% CI: 1.04-1.95, P = 0.03). Other variables found to be significant under multivariate analysis were age (OR = 0.99, 95% CI: 0.98-1.00, P = 0.04), other indication for surgery (vs malignant: OR = 1.73, 95% CI: 1.05-2.85, P = 0.03) and open incision (vs laparoscopic OR = 2.09, 95% CI: 1.53-2.87, P < 0.001). Similar results were seen when the multivariate models were restricted only to those variables where P ≤ 0.1 in the univariate analysis, with anastomosis method included and excluded as a cofactor. Another sensitivity analysis including only those patients with a 'proven' anastomotic leak (150/3041; 4.9%) also gave similar results (Tables S1 and S2 ).
Secondary outcomes
The overall 30-day death rate was 3.2% (103/3208) ( Table 4) ; for those undergoing elective operations this reduced to 1.5% (38/2609). The median length of hospital stay was 7 (range: 1-30+) days, and the 30-day reoperation and re-admission rates were 6.6% and 5.7%, respectively. In those patients undergoing anastomosis who had an anastomotic leak and/or intraperitoneal fluid collection, the 30-day death rate increased to 9.8%, and the length of hospital stay was more than doubled to a median of 18 days (Table 4 ). When assessing only those patients with a 'proven' anastomotic leak, similar outcomes were seen: 30-day death rate, 11.3%; and length of hospital stay, median 21 days (Table 4) .
Discussion
This multicentre international snapshot audit has identified a possible association between stapled anastomosis and anastomotic leak. This became apparent following multivariate analysis that adjusted for other patient and disease characteristics, and operative information (with centre included as a random effect). This finding was perhaps surprising given that stapling was used more frequently in the lower-risk groups, such as in elective and laparoscopic operations. Multivariate analysis also found an association between operative approach and leak, with a greater risk of leak with open operations. This increased risk associated with open surgery was readily identifiable in both the emergency and elective settings and might be interpreted as suggesting that in modern surgical practice, the need for an operation to be undertaken using an open approach may be a surrogate marker of operative difficulty.
The association between anastomotic leakage and stapling only became apparent following multivariate analysis. There was a strong association between high-risk patients and handsewn anastomosis, which may have influenced our results. It is impossible to assign causation to this association, but it is interesting to speculate on the possible explanations: the effects of operative approach (open vs laparoscopic), operation urgency (elective vs emergency) and anastomosis method (stapled vs handsewn) are all likely to have contributed to this effect. This situation, in which findings are nonsignificant in univariate analysis but significant in multivariate analysis, is well recognized in observational studies. Lo and colleagues identified various scenarios in which this situation may occur, one of which was indeed the presence of hidden interactions [7] .
Strengths of this study
The prospective nature of data collection, using a standardized protocol and predesigned reporting system, ensured the quality and homogeneity of data returns. The wide variety of surgeons, sites and countries entering patients into this study increases the generalizability of the findings. Of the 39 countries involved, 34 were based in one continent (Europe), with other countries being spread across the world: Argentina, Brazil, China, Japan and USA. Bringing such a group together and coordinating over 1000 local researchers from 284 different centres to collect uniform data simultaneously and form a research network in this manner has been one of the most important successes of this first ESCP project. The number of sites involved, and patients entered, far exceeded our expectations when designing this project. Now the model has been shown to work, it is currently being used to undertake another prospective international audit [8] and the research network will also be perfectly poised to deliver future prospective interventional studies based on the areas of uncertainty identified in these audits.
Limitations
Selection bias will always be an issue in this type of observational research. We have attempted to minimize the effects of this by undertaking adjusted analyses using mixed effects logistic regression models, but we accept that this can never fully counteract the nuances involved in clinical decision-making. Nonetheless, one might have predicted that any major selection bias effect on the primary outcome would favour stapling being actually at a diminished risk, given the prevalence of its use within the lower-risk groups.
Reporting bias is also difficult to control for in this kind of study, where sites might have omitted uploading data for certain eligible patients within the study time period, either accidentally or deliberately, which could confer an impact on the results. We feel that this is unlikely given our study design, in which the first two phases of data collection were prospectively and contemporaneously uploaded onto the online system in the preoperative and immediate postoperative setting. This effectively 'locked' these patients into the audit and there was no case at any site where the follow-up data form was not completed for a patient whose data had already been entered into the first sections. Furthermore, our results showing a high overall anastomotic leak rate, an overall 30-day death rate of 3.2% and an elective 30-day death rate of 1.5% suggest that patients with poor early postoperative outcomes have not been omitted.
It is possible that some patients included in the study may have undergone additional procedures, such as simultaneous liver resection or extended resection, as a result of pathological involvement of other local organs, as these were not prespecified exclusion criteria. The numbers of such patients are likely to be very small and as such are unlikely to have conferred any major impact upon the main findings.
A potentially contentious decision was our inclusion of intra-abdominal and pelvic collections with the 'proven' anastomotic leak group in our primary outcome definition. There is no validated scoring system for anastomotic leak [9] [10] [11] , and intraperitoneal fluid collections are considered by many surgeons as representative of an anastomotic leak until proven otherwise. One recent study confirmed that isolated free intraperitoneal fluid was not a benign finding after anterior resection and another showed that many patients with ultimately proven anastomotic leakage did not have classical peri-anastomotic signs or extravasation of contrast on imaging [12, 13] . It is our opinion that inclusion of patients with an intraperitoneal collection within the primary outcome group of anastomotic leak was justified given the similarities in adverse outcome rates between this group and others with a confirmed leak. Similarly, the sensitivity analysis that included only patients with a confirmed leak produced very similar results to those found in the main analysis We consider therefore that the majority of patients with isolated intraperitoneal collections had sustained an occult anastomotic leak.
Comparison with the literature
The anastomotic leak rate in this study compares closely with two other large-scale national audits utilizing prospective data collection. The Spanish ANACO group recently identified an overall leak rate of 8.4% in 1102 patients undergoing elective right hemicolectomy for cancer [5] , and a Dutch analysis of 15,667 patients undergoing anastomosis after colorectal cancer resection found anastomotic leak rates in the right hemicolectomy (n = 7788) and ileo-caecal resection (n = 240) subgroups of 6.4% and 7.5%, respectively [14] . Our identification of stapling as a possible risk factor for anastomotic leak is contrary to a Cochrane review on the same topic [15] . In this review, data were pooled from 1125 patients undergoing an ileo-colic anastomosis within seven randomized trials and found fewer leaks after stapled anastomosis (2.5%; 11/441) compared with handsewn anastomosis (6.1%; 42/684), which was statistically significant: OR = 0.48, 95% CI: 0.24-0.95, P = 0.03. The authors rightly commented on the small patient numbers and the very low event rate. Whilst an apparently significant difference was found in leak rates, this did not correspond to a parallel impact upon re-operation rate, length of stay or mortality. Nevertheless this review concluded that 'stapled anastomoses are associated with fewer anastomotic leaks than handsewn, and should be considered the standard against which all other techniques should be compared'. It is likely that surgeons may have changed their practice based on the conclusions from this highly respected data source. Our conflicting message on stapled anastomoses could perhaps be written off as statistical anomaly, were it not for the very same finding being identified in the recent Spanish ANACO multicentre study [5] . This prospective observational study from 52 centres found major anastomotic leak (requiring intervention) rates of 3.4% in handsewn anastomoses and 7.8% in stapled anastomoses (OR = 2.1, 95% CI: 1.1-4.2, P = 0.007). Together with the current study, and accepting the potential shortfalls of observational research, this suggests that a more detailed investigation of stapled anastomosis vs handsewn anastomosis is certainly warranted.
Further research and analyses ongoing
We recognize that another limitation of this study relates to the fact that there are many different stapling techniques used in anastomosis and grouping them together may be inappropriate. These include bowel orientation (side-to-side, side-to-end, end-to-side), the type of stapler used (linear, circular), the stapler used for apical transection (linear cutting, linear noncutting) as well as other associated technical factors, such as the use of staple line oversewing and staple height selection. Similar, but less numerous, variabilities also exist within the handsewn group. These technical details were all collected prospectively during the project but will be analysed and reported in a subsequent paper. It is possible that certain technical aspects might account for a disproportionate number of leaks or be responsible for the apparent difference in leak rates compared with the patients undergoing handsewn anastomosis. Other subsequent reports from the study will explore the geographical variability in patients and techniques, and the impact of unit characteristics on outcome; and a detailed analysis of the perioperative management of patients with Crohn's disease against outcome is planned.
Despite being used in seemingly lower-risk patients, stapled anastomosis was associated with increased anastomotic leak in this observational study. These findings indicate the need for further high-quality, prospective and targeted research. It is likely that an updated large-scale randomized trial of anastomotic technique in patients undergoing right-sided bowel resection is needed.
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